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(54) Resistor and printed wiring board embedding those resistor 



(57) Resistors having a resistive nnaterial portion in- sisters are particularly useful as embedded resistors in 

eluding multiple layers or resistive materials, wherein the manufacture of printed wiring boards. Methods of 

each layer of resistive material has a different sheet re- preparing such resistors are also provided, 
sistivlty, are provided by the present invention. Such re- 
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Description 

Background of the Invention 

[0001] The present invention relates generally to the 
field of resistive materials. In particular, the present in- 
vention relates to the field of resistive materials suitable 
for use as embedded resistors in electronic devices. 
[0002] Printed circuit boards typically include large 
numbers of electronic devices which are commonly sur- 
face mounted and also additional components which 
may be present in the fonn of active layers within each 
printed circuit board. The requirements for the devices 
and components in such printed circuit boards are sub- 
ject to conventional electronic design restraints. In par- 
ticular, many of the surface mounted devices and other 
components on such printed circuit boards commonly 
require coupling with individual resistors in order to 
achieve their desired function. 
[0003] The most common solution to this problem In 
the prior art has been the use of individual resistors as 
additional surface mounted components on the printed 
circuit boards. Design of the printed circuit boards has 
further required the provision of through-holes in order 
to properly interconnect the resistors. In this regard, the 
resistors may be interconnected between any combina- 
tion of surface devices or components or active compo- 
nents or layers fomned on or within the printed circuit 
boards. 

[0004] As a result, the complexity of the printed circuit 
boards has increased and at the same time the available 
surface area of the printed circuit boards for other de- 
vices has decreased or else the overall size of the print- 
ed circuit boards has increased to accommodate nec- 
essary surface devices and components including re- 
sistors. 

[0005] One solution to this has been the use of planar 
resistors preferably fonned on internal layers of the 
printed circuit boards in order to replace surface mount- 
ed resistors as described above while making surface 
portions of the printed circuit boards free for other uses. 
For example, U.S. Patent No. 4,808,967 (Rice etal.) dis- 
closes a printed wiring board having a support layer, a 
layer of electrical resistance material adhering to the 
support layer, and a conductive layer adhering to the 
electrical resistance layer. 

[0006] A problem with certain conventional planar re- 
sistors is that the resistance measured in a first direction 
may differ slightly from the resistance measured in a 
second direction orthogonal to the first direction. If care 
is not taken in the manufacture of an electronic device, 
such as a printed wiring board, such planar resistors 
may be used in the wrong orientation. In such cases, 
the actual resistivity of may differ from that desired, thus 
adversely affectingthe perfonnance of theprinted wiring 
board. 

[0007] One of the objections to adopting embedded 
resistor technology in printed wiring board manufacture 



is that such resistor technology is limited in the range of 
values that it can provide. Unless large serpentine pat- 
terns are employed, a single layer of embedded resistor 
material is limited to about three decades of values, 

5 such as, for example, from 50 ohms to 5,000 ohms. In 
order to accommodate values above this range one 
must place discrete resistors on the surface of the print- 
ed wiring board, which negates some of the gain from 
embedding the resistor within the board, or alternatively, 

10 use a second sheet of higher resistivity material, which 
can-ies a higher cost of materials penalty. 
[0008] There is thus a need for a resistive material 
having a resistivity that is dependent on the orientation 
of the embedded resistor. 

15 

Summary of the Invention 

[0009] It has been surprisingly found that printed wir- 
ing boards can be prepared having two different sheet- 
^ resistivities within a single layer (or plane) of the board. 
In particular, it has been surprisingly found that multilay- 
er resistors can be prepared. 

[0010] In one aspect, the present invention provides 
a printed wiring board including a resistor embedded 
25 within a dielectric material, wherein the resistor Includes 
a resistive material portion including a first resistive ma- 
terial and a second resistive material. Typically, the re- 
sistive material portion includes a layer of each of the 
first and second resistive materials. 
30 [0011] In another aspect, the present invention pro- 
vides a method of manufacturing a printed wiring board 
including the step of embedding a resistor within an or- 
ganic dielectric material, wherein the resistor includes a 
resistive material portion including a first resistive ma- 
35 terial and a second resistive material. 

[0012] In a further aspect, the present invention pro- 
vides a resistor having a resistive material portion in- 
cluding a first resistive material and a second resistive 
material and a pair of electrodes, each electrode being 
40 disposed at opposite ends of the resistive material por- 
tion. 

[0013] In yet another aspect, the present invention 
provides an electronic device Including a resistor and/ 
or a printed wiring board as described above. 

45 

Brief Description of the Drawing 

[0014] Fig. 1 illustrates one method of manufacturing 
a multilayer resistor of the invention. 

50 

Detailed Description of the Invention 

[0015] As used throughout this specification, the fol- 
lowing abbreviations shall have the following meanings, 
S5 unless the context cleariy indicates othen/vise: 0 = de- 
grees centigrade; F = degrees Fahrenheit; nm = na- 
nometer; \im = mteron = micrometer; A = angstrom; Q 
= Ohms; I2/D= Ohms per square; M = molar; wt % = 
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percent by weight; and mi! = 0.001 inch. 
[0016] The terms "printed wiring board" and "printed 
circuit board" are used interchangeably throughout this 
specification. Unless otherwis noted, all amounts are 
percent by weight and all ratios are by weight. All nu- 
merical ranges are inclusive and combinable in any or- 
der, except where it is obvious that such numerical rang- 
es are constrained to add up to 100%. 
[0017] The present invention provides a resistor hav- 
ing a resistive material portion including two or more re- 
sistive material layers and a pair of electrodes, each 
electrode being disposed at opposite ends of the resis- 
tive material. The resistive material portion of the 
present resistors are prepared by providing at least a 
layer of a first resistive material and a layer of a second 
resistive material. Additional layers of resistive material 
may be used, such as three, four, five or more layers. 
The specific number of layers Is detenmined by the de- 
sign characteristics of the resistor desired. For example, 
two layers of resistive materials are required to provide 
a resistor having 2 possible different resistivities, three 
layers of resistive materials are required to provide a 
resistor having 3 possible different resistivities, and so 
forth. 

[0018] One characteristics of the present resistors is 
that each layer of resistive material in the resistive ma- 
terial portion has a different sheet resistivity from the 
other resistive material layers. No particular difference 
in sheet resistivity is required. The sheet resistivities of 
the different resistive material layers may not be very 
different or may be different by as much as 10 OJD or 
greater. Particularly suitable differences in sheet resis- 
tivities between the first and second resistive material 
layers Is 25 QJD, 50 Q/D, 1 00 Q/0, 250 Q/D, 500 Q/Uor 
greater, in another embodiement, there Is a 10, 20, 25, 
or 50 fold or greater difference in sheet resistivities be- 
tween the first and second resistive material layers. 
[0019] A wide variety of resistive materials are suita- 
ble for use in the present invention, including but not 
limited to, a mixture of a conductive material and a minor 
amount of a highly resistive (dielectric) material. A very 
small amount of the highly resistive material, e.g., about 
0.1 wt % to about 20 wt %, very profoundly reduces the 
conductive properties of the conducting material. For 
example, platinum, though an excellent conductor, 
when co-deposited with between 0.1 and about 5 wt % 
siiica, serves as a resistor, the resistance being a func- 
tion of the level of silica co-deposited. Any conductive 
material is suitable, such as, but not limited to, platinum, 
iridium, ruthenium, nickel, copper, silver, gold, indium, 
tin, iron, molybdenum, cobalt, lead, palladium, and the 
like. Suitable dielectrics Include, but are not limited to, 
metal oxides or metalloid oxides, such as silica, alumi- 
na, chromla, titania, ceria, zinc oxide, zirconia, phospho- 
rous oxide, bismuth oxide, oxides of rare earth metals 
in general, phosphorus, and mixtures thereof. 
[0020] Preferred electrically resistive materials are 
nickel-based or platinum-based, i.e., the major material 



is nickel or platinum, respectively. Suitable preferred re- 
sistive materials are nickel-phosphorus, nickel-chromi- 
um, nickel-phosphorus-tungsten, ceramics, conductive 
polymers, conductive inks, platinum-based materials 

5 such as platinum-iridium, platinum-ruthenium and plat- 
in um-iridium-mthenium. Preferred platinum-bas d ma- 
terials contain from about 1 0 to 70 mole percent iridium, 
ruthenium or mixtures thereof, and preferably 2 mole 
percent to 50 mole percent, calculated relative to platl- 

10 num being 1 00 percent. If ruthenium is used alone (with- 
out iridium), it is preferably used at between about 2 and 
about 10 mole percent calculated relative to platinum 
being 100 percent. If Iridium Is used alone (without ru- 
thenium), it is preferably used at between about 20 and 

IS about 70 mote percent calculated relative to platinum 
being 100 percent. In the resistive materials in accord- 
ance with the Invention, the iridium, ruthenium or mix- 
tures thereof exist In both elemental fonn and in oxide 
fomi. Typically, the iridium, ruthenium or mixtures there- 

20 of are from about 50 to about 90 mole percent elemental 
metal and from about 1 0 to about 50 mole percent oxide 
(s) of the Iridium, ruthenium or mixtures thereof. 
[0021] The thickness of each resistive material layer 
may vary over a wide range. Preferably, each layer of 

25 resistive material has a thickness of up to 1 mil. For use 
in embedded resistors, each layer of resistive material 
is typically at least about 40 A thick. In general, the thick- 
ness of each resistive material layer is from 40 to 
1 00,000 A (1 0 microns), preferably from 40 to 50,000 A, 

30 and more preferably from 1 00 to 20,000 A. 

[0022] While the first resistive material layer may be 
self-supporting, it Is typically too thin to be self-support- 
ing and must be deposited on a substrate which is self- 
supporting. The resistive materials are typically support- 

35 ed by being disposed on a conductive material sub- 
strate, such as a metal foil. Other suitable conductive 
materials are well known to those skilled in the art. Suit- 
able metal foils include, but are not limited to, copper 
foil, nickel foil, silver foil, gold foil, and the like as well as 

40 alloys thereof. Conductive metal foils suitable for use in 
the present invention may have a wide range of thick- 
nesses. Typrcally, such conductive metal foils have 
nominal thicknesses ranging from 0.0002 to 0.02 inch- 
es. Metal foil thicknesses are often expressed in temns 

^ of weights. For example, suitable copper foils have 
weights of from 0.125 to 14 ounces per square foot, 
more preferably 0.25 to 6 ounces per square foot, and 
still more preferably from 0.5 to 5 ounces per square 
foot. Particuiariy suitable copper foils are those having 

50 weights of 3 to 5 ounces per square foot. Suitable con- 
ductive metal foils may be prepared using conventional 
electrodeposition techniques and are available from a 
variety of sources, such as OakrMitsul or Gould Elec- 
tronics. 

55 [0023] The conductive material substrates may fur- 
ther include a barrier layer. Such barrier layer may be 
on the first side of the conductive material, i.e. the side 
nearest the resistive material, the second side of the 
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conductive layer or on both sides of the conductive layer. 
Barrier layers are well known to those skilled in the art. 
Suitable barrier layers include, but are not limited to, 
zinc, indium, tin, nickel, cobalt, chromium, brass, bronze 
and the like. Such barrier layers may be deposited elec- 
trolytTcaliy, electrolessly, by immersion plating, by sput- 
tering, by chemical vapor deposition, combustion chem- 
ical vapor deposition, controlled atmosphere chemical 
vapor deposition, and the like. Preferably, such barrier 
layers are deposited electrolyticaily, electrolessly or by 
immersion plating. In one embodiment, when the con- 
ductive layer is a copperfoil, it Is preferred that a barrier 
layer is used. 

[0024] Following the application of a protective barrier 
layer, a protective layer of chromium oxide may be 
chemically deposited on the ban^ier layer or the conduc- 
tive material. Finally, a silane may be applied to the sur- 
face of the conductive material/barrier layer/optional 
chromium oxide layer in order to further improve adhe- 
sion. Suitable silanes are those disclosed in U.S. Patent 
No. 5,885,436 (Ameen et al.). 
[0025] Each layer of resistive material may be depos- 
ited by a variety of means, such as sol-gel deposition, 
sputtering, chemical vapor deposition, combustion 
chemical vapor deposition ("CCVD"), controlled atmos- 
phere combustion chemical vapor deposition ("CAC- 
CVD"), spin coating, roller coating, silk screening, elec- 
troplating, electroless plating and the like. The first layer 
of resistive material, if not self-supporting, is deposited 
on the substrate. The second layer of resistive material 
is deposited on the first resistive material layer. Subse- 
quent layers of resistive material are optionally then de- 
posited. For example, nickel-phosphorus resistive ma- 
terials may be deposited by electroplating. See, for ex- 
ample, International Patent Appitoation No. WO 
89/02212. In one embodiment, it is preferred that the 
first material is deposited by CCVD and/or CACCVD. 
The deposition of resistive materials by CCVD and/or 
CACCVD is well known to those skilled in the art. See, 
for example, U.S. Patent No. 6,208,234 (Huntetal.) for 
a description of such processes and apparatuses used. 
[0026] CCVD has the advantages of being able to de- 
posit very thin, unlfonn layers which may sen/e as the 
dielectric layers of embedded capacitors and resistors. 
The material can be deposited to any desired thickness; 
however, forfonning resistive material layers by CCVD, 
thicknesses seldom exceed 50,000 A. (5 microns). Gen- 
erally film thicknesses are In the 1 00 to 1 0,000 A range, 
most generally in the 300 to 5000 A range. Because the 
thinner the layer, the higher the resistance and the less 
material, e.g., platinum used, the ability to deposit very 
thin films is an advantageous feature of the CCVD proc- 
ess. The thinness of the coating also facilitates rapid 
etching in processes by which discrete resistors are 
fomried. 

[0027] Although noble metals are conductors, it Is 
found that in depositing noble metals along with relative- 
ly minor amounts of oxides, such as silica or alumina. 



the deposited material becomes highly resistive. Ac- 
cordingly, metals, such as platinum, containing minor 
amounts, e.g., 0.1%-5% of an oxide, can serve as re- 
sistors In printed circuit boards. For resistive material 

5 which is a mixture of a conductive metal and a minor 
amount of a dielectric material, the metal must be capa- 
ble of being deposited as a zero valence metal from an 
oxygen-containing system if the resistive material is to 
be deposited by CCVD or CACCVD. The criteria for dep- 

10 osition In the zero valence state using a flame is that the 
metal must have a lower oxidation potential than the 
lower of the oxidation potential of carbon dioxide or wa- 
ter at the deposition temperature. (At room tempera- 
tures, water has a lower oxidation potential; at other 

IS temperatures carison dioxide has a lower oxidation po- 
tential.) Zero valence metals which can be readily de- 
posited by CCVD are those having oxidation potentials 
about equal to silver or below. Thus, silver, gold, plati- 
num and iridium can be deposited by straight CCVD. 

20 Zero valence metals having somewhat higher oxidation 
potentials may be deposited by CACCVD which pro- 
vides a more reducing atmosphere. Nickel, copper, in- 
dium, palladium, tin, iron, molybdenum, cobalt, and lead 
are best deposited by CACCVD. Herein, metais also in- 

25 elude alloys that are mixtures of such zero-valence met- 
als. Silicon, aluminum, chromium, titanium, cerium, 
zinc, zirconium, magnesium, bismuth, rare earth metals, 
and phosphorous each have relatively high oxidation 
potentials, such that if any of the metals mentioned 

30 above are codeposited with the appropriate precursors 
for the dielectric dopants, the metals will deposit in the 
zero valence state and the dopant will deposit as the 
oxide. Thus, even when no flame Is used the dielectric 
needs to have a higher oxidation, phospidation, carisi- 

35 dation, nitrodation, or boridation potential, to fonm the 
desired two phases. 

[0028] For more oxygen-reactive metals and alloys of 
metals, CACCVD may be the process of choice. Even 
if the metal can be deposited as a zero valence metal 

40 by straight CCVD, it may be desirable to provide a con- 
trolled atmosphere, i.e., CACCVD, If the substrate ma- 
terial on which it Is to be deposited is subject to oxida- 
tion. For example, copper and nickel substrates are 
readily oxidized, and it may be desired to deposit onto 

45 these substrates by CACCVD. 

[0029] Another type of resistive material which can be 
deposited as a thin layer on a substrate by CCVD Is 
"conductive oxides". In particular, BI2RU2O7 and 
SrRu03 are conductive oxides which may be deposited 

50 by CCVD. Although these materials are "conductive", 
their conductivity is relatively low when deposited In 
amorphous state; thus, a thin layer of such mixed oxides 
can be used to forni discrete resistors. Like conductive 
metals, such "conductive oxides" may be doped with di- 

55 electric materials, such as metal or metalloid oxides, to 
Increase their resistivity. Such mixed oxides may be de- 
posited either as amorphous layers or as crystalline lay- 
ers, amorphous layers tending to deposit at low depo- 
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sition temperatures and crystalline layers tending to de- 
posit at higher deposition temperatures. For use as re- 
sistors, amorphous layers ar generally preferred, hav- 
ing higher resistivity than crystalline materials. Thus, 
while these materials are classified as "conductive ox- 
ides" in their normal crystalline stat , the amorphous ox- 
ides, even in un-doped fomn, may produce good resist- 
ance. In some cases it may be desired to form low re- 
sistance, 1 to 100 resistors and a conduction-en- 
hancing dopant, such as platinum, gold, silver, copper 
or iron, may be added. If doped with dielectric material, 
e.g., metal or metalloid oxides, to increase resistivity of 
the conducting oxides, or conduction-enhancing mate- 
rial to decrease resistivity of the conducting oxides, such 
homogeneously mixed dielectric or conduction-enhanc- 
ing material is generally at levels between 0.1 wt % and 
20 wt % of the resistive material, preferably at least 0.5 
wt%. 

[0030] There are a variety of other "conducting mate- 
rials" which though electrically conducting, have suffi- 
cient resistivity to fomn resistors in accordance with the 
present invention. Examples include yttrium barium 
copper oxides and La^.^r^CoOs, 0 ^ x ^ 1 , e.g. , x = 0.5. 
Generally, any mixed oxide which has superconducting 
properties below a critical temperature can serve as 
electrically resistive material above such critical temper- 
ature. Deposition of such a variety of resistive materials 
is possible with proper selection of precursors selected 
from those described herein above. 
[0031 ] To produce a metal/oxide resistive material film 
using a CCVD or CACCVD process, a precursor solu- 
tion is provided which contains both the precursor for 
the metal and the precursor for the metal or metalloid 
oxide. For example, to produce platinum/silica films, the 
deposition solution contains a platinum precursor, such 
as platinum(ll)-acety!acetonate or diphenyl-{1 ,5-cy- 
clooctadiene) platinum (II) [R{COD)] and a silicon-con- 
taining precursor, such as tetraethoxysilane. Suitable 
precursors for iridium and ruthenium include, but are not 
limited to, tris (nori3ornadiene) iridium (111) acetyl aceto- 
nate ("IrfvJBD"). and bis (ethylcyclopentadienyl) ruthe- 
nium (II). The precursors are mixed generally according 
to the ratio of metal and enhancing material to decrease 
the resistivity of the material being deposited, an addi- 
tional precursor is provided so as to produce minor 
amounts of the metal oxide or metalloid oxide, e.g., be- 
tween 0.1 and 20 wt %, preferably at least about 0.5 wt 
%, of the deposited doped conducting metal oxide. The 
precursors typically are co-dissolved in a single solvent 
system, such as toluene or toluene/propane to a con- 
centration (total of platinum, iridium, and/or ruthenium 
precursors) of from about 0.15 wt% to about 1 .5 wt%. 
This solution is then typically passed through an atom- 
izer to disperse the precursor solution into a fine aerosol 
and the aerosol is ignited in the presence of an oxidizer, 
particularly oxygen, to produce the platinum and iridium, 
ruthenium or mixture thereof zero valence metals(s) and 
oxide(s). See. e.g. U.S. Patent No. 6,208,234 B1 (Hunt 



et at.), herein incorporated by reference, for a more com- 
plete description of the CCVD process. 
[0032] A wide variety of materials are suitable to fonm 
as the second resistive material layer on the first resis- 

5 live material. The only requirement for such second re- 
sistive material layer is that it be different from th first 
material and posses a sheet resistivity that is different 
from the sheet resistivity of the first resistive material 
layer. Any of the resistive materials described above as 

10 being suitable as a first resistive material layer are also 
suitable for use as a second material. 
[0033] The present structure having two or more re- 
sistive materials, particularly two or more layers of re- 
sistive materials, are suitable for the manufacture of re- 

IS sisters, and in particular thin film, embeddable resistors 
useful in printed wiring board manufacture. Thin film re- 
sistors typically have a total thickness of the resistive 
material portion of 4 jim or less, preferably 2 |xm or less, 
more preferably 1 ^m or less and even more preferably 

20 0.5 [im or less. 

[0034] Resistors typically include a pair of electrodes, 
each electrode being disposed at opposite ends of a re- 
sistive material portion. Such electrodes may be provid- 
ed in a variety of ways, such as by formation directly on 

25 the resistive material or directly fonned from an under- 
lying conductive substrate. By way of example, areas of 
the resistive material to receive the electrode may be 
catalyzed so that electrodes are deposited, fornied, or 
adhered only to those catalyzed areas. Altematively, ar- 

30 eas that are not to receive the electrode may be masked 
off, such as by a resist, and the electrode deposited or 
fomned on or otherwise adhered to the unmasked areas. 
[0035] Suitable electrodes may be fomned by any con- 
ductive material such as a conductive polymer or a met- 

3S al. Exemplary metals include, but are not limited to, cop- 
per, gold, silver, nickel, tin, platinum, lead, aluminum and 
mixtures and alloys thereof. "Mixtures" of such metals 
include non-alloyed metal mixtures and two or more lay- 
ers of individual metals as in a multilayer electrode. An 

40 example of a multilayer electrode is copper having a lay- 
er of silver or a layer of nickel on the copper followed by 
a layer of gold. Such electrodes are typically fomned by 
deposition of a conductive material. Suitable deposition 
methods include, but are not limited to, electroless plat- 

45 ing, electrolytic plating, chemical vapor deposition, 
CCVD, CACCVD, screen printing, Inkjet printing, roller 
coating and the like. When a conductive paste is used 
to fomn the electrode. It is suitably applied by screen 
printing, Inkjet printing, roller coating and the like. 

50 [0036] As described above, when the first resistive 
material is not self-supporting, it is typically applied to a 
substrate. Conductive substrates are particulariy suita- 
ble for subsequent formation of resistors, particularly 
thin film resistors, as the conductive substrates can be 

55 used to form the pair of electrodes. This is generally ac- 
complished using a photoresist which is used to fomn a 
resist pattern over the layer of resistive material and us- 
ing an appropriate etchant to remove the resistive ma- 
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terial in areas not covered by the resist. For metal/oxide 
resistive material layers, the etchant chosen is an etch- 
ant for the metal component of the resistive material. 
Typically such etchants are acids or Lewis acids, e.g., 
FeClg or CuClg for copper. Nitric acid and other inorgan- 
ic acids (e.g., sulfuric, hydrochloric, and phosphoric) 
may be used to etch nickel, a variety of other metals 
which may be deposited as well as conductive oxides. 
[0037] Noble metals, by their non-reactive nature, are 
difficult to etch. Aqua regia is a suitable etchant for met- 
als, particularly noble metals, in printed circuit board 
processes. Aqua regia Is made from two well-know ac- 
ids: 3 parts concentrated (12M) hydrochloric acid (HCI) 
and 1 part concentrated (16M) nitric acid HNO3. Thus, 
the molar ratio of hydrochioric acid to nitric acid is 9:4, 
although slight variations from this ratio, i.e., 6:4 to 12: 
4 would be acceptable for etching purposes in accord- 
ance with the invention. Because of its corrosive nature 
and limited shelf life, aqua regia is not sold commercial- 
ly, but must be prepared prior to use. To reduce Its cor- 
rosiveness, the aqua regie may be diluted with water up 
to about a 3:1 ratio of water to aqua regia. On the other 
hand, the noble metals, such as platinum, are not etched 
by many of the materials suitable for etching copper, 
such as FeCl3 or CUCI2, thereby allowing for a variety 
of selective etching options in fomriing the present resis- 
tors. The speed of etching will depend upon several fac- 
tors including the strength of the aqua regia and the tem- 
perature. Typically, aqua regia etching is conducted at 
a temperature of 55 to BO"" C. although this may be var- 
ied depending upon the application. 
[0038] By way of example, the circuitlzatlon process 
begins with a conductive foil, such as a copper foil, to 
which a layer of a first electrically resistive material has 
been deposited, such as by electroplating. CCVD or 
CACCVD. A second electrically resistive material layer 
is then f omried on the first resistive material layer by any 
of the methods described above to fomn a multilayer re- 
sistive material. 

[0039] In one embodiment, photoresist layers are ap- 
plied to both sides, i.e. to the resistive material portion 
and to the conductive foil. The photoresist covering the 
resistive material portion is exposed to patterned actinic 
radiation while the photoresist covering the conductive 
foil Is blanket-exposed to actinic radiation. The photore- 
sists are then developed, giving a structure with a pat- 
terned photoresist layer covering the resistive material 
portion and the blanket-exposed photoresist layer pro- 
tecting the conductive foil. 

[0040] The resistive material layer is then selectively 
etched from areas where the photoresist had been re- 
moved. Subsequently, the remaining photoresist is 
stripped. 

[0041] Following this, an organic laminate such as a 
polyimide or a glass-filled epoxy prepreg Is applied to 
the resistive material side. The laminate protects the 
now-patterned resistive material layer from further 
processing and subsequently supports patches of the 



resistive material layer when portions of the conductive 
foil Is subsequently removed from the other side of the 
resistive material layer. 

[0042] Next, a photoresist layer is applied to the con- 
5 ductive foil. This is imaged with pattemed actinic radia- 
tion and developed. Following this, th conductiv foil is 
etched with an etchant which selectively etches the con- 
ductive foil but which does not etch the resistive material 
layer. Stripping of the photoresist leaves the resistor 
10 which may subsequently be embedded in an organic di- 
electric material, such as a B-staged dielectric material 
including, but not limits to, epoxtes, glass-filed, polyim- 
ides and the like. 

[0043] As a variation of this process, it should be net- 
's ed that if an etchant Is used which selectively etches the 
eiectricaity resistive material layer but does not etch or 
only partially etches the conductive foil, the use of a re- 
sist layer on the conductive foil is not necessary. 
[0044] In an altemate embodiment, the resistor is iam- 
20 inated to or otherwise adhered to an organic dielectric 
material prior to circuitlzatlon. Such a process Is illus- 
trated in Fig. 1 . 

[0045] Refemng to Fig. 1 , a first resistive material lay- 
er 10. such as a nickel-phosphorus layer, is deposited. 

25 such as by electroplating, on a conductive foil 5. Such 
conductive foil 5 Is typically copper. A second resistive 
material layer 15 Is then deposited on the first resistive 
material layer 10. An exemplary second resistive mate- 
rial layer 15 is a platinum-iridium layer which is depos- 

30 ited by CCVD to provide resistive material structure 50. 
By "resistive material structure" it is meant a substrate, 
preferably a conductive substrate, having a first resistive 
material layer disposed on the substrate and a second 
resistive material layer disposed on the first resistive 

35 material layer, wherein the conductive substrate, first re- 
sistive material layer and second resistive material layer 
are coextensive. In this example, the nickel-phosphorus 
resistive material layer has a sheet resistivity of 25 QJU 
and the platinum-iridium resistive material layer has a 

40 sheet resistivity of 1 000 QO 

[0046] Next, an organic dielectric material 20, such as 
an epoxy laminate material, is laminated to the second 
resistive material layer 1 5. A photoresist 25, particularty 
a dry film photoresist, is then applied to the conductive 

45 foil 5. Photoresist 25 Is then imaged and developed to 
provide the designed pattern. Conductive foil 5 is next 
removed from the areas bared of resist, such as by etch- 
ing within cupric chloride. 

[0047] One of the advantages of the present resistors 
50 is that their resistivity may be selected by appropriate 
selection of the resistive material layerto remain during 
fomiation of the resistor. This is further illustrated in Fig. 
1 which shows an embodiment where two resistors, 
each having a different resistivity, are prepared from the 
55 same resistive material structure 50. First resistive ma- 
terial 10 may be removed from the areas bared of con- 
ductive foil 5. In the case of nickel-phosphorus, such 
material may be removed by etching with copper sulfate. 
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The second resistive material layer 15 is also removed 
from the areas that are to be free of resistive material, 
such as areas 45 between resistor structures. 
[0048] In a next step, another photoresist 30, such as 
dry film photoresist, is applied to the conductive foil side 
of the structure. Photoresist 30 is then imaged and de- 
veloped to provide the desired pattern of conductive 
traces (including electrodes). Conductive foil 5 is again 
removed from areas bared of resists, to provide resistor 
40, which in the above description has a sheet resistivity 
of 25 Q/Ddue to the presence of the first resistive ma- 
terial layer 10. Resistor 35 having a different resistivity 
is obtained by selectively etching or removing the first 
resistive material layer 10 and leaving the second resis- 
tive material layer 1 5. 1 n the above example, resistor 35 
has a sheet resistivity of 1 000 QO 
[0049] When referring herein to "etching", the term is 
used to denote not only the common usage in this art 
where a strong chemical dissolves or otherwise re- 
moves the material of one of the layers, e.g., nitric acid 
dissolves nici<el, but also physical removal, such as la- 
ser removal and removal by lack of adhesion. In this re- 
gard, and in accordance with an aspect of this invention, 
it is found that resistive materials, such as doped nickei 
and doped platinum, deposited by CCVD or CACCVD 
are porous. The pores are believed to be small, typically 
of a diameter of a micron or less, preferably of a diam- 
eter of 50 nanometers or less (1000 nm = 1 ^m). Nev- 
ertheless, this pemnits liquid etchants to diffuse through 
the electrically resistive material layer and. In a physical 
process, destroy the adhesion between the resistive 
material layer and the underlying layer. For example, If 
the conductive foil layer is copper and the resistive ma- 
terial layer is doped platinum, e.g., platinum/silica, or 
doped nickel, e.g., NUPO^, cupric chloridecould be used 
to remove exposed portions of the resistive material lay- 
er. The cupric chloride does not dissolve either platinum 
or nickel, but the porosity of the resistive material layer 
allows the cupric chloride to reach the underiying cop- 
per. A small portion of the copper dissolves and the ex- 
posed portions of the electrically resistive layer by phys- 
ical ablation. This physical ablation occurs before the 
cupric chloride etches the underiying copper layerto any 
significant extent. 

[0050] If copper is the conductive material layer, it is 

sometimes advantageous to use copper foil that has 
been oxidized, which is commercially available. An ad- 
vantage of an oxidized copper foil is that a dilute hydro- 
chloric acid ("IHCr) solution, e.g., 1^ %, dissoh^es copper 
oxide without dissolving zero valence copper. Thus, if 
the electrically resistive material layer is porous, such 
that the dilute HCl solution diffuses therethrough, HCI 
can be used for ablative etching. Dissolving the surface 
copper oxide destroys the adhesion between the copper 
foil and the electrically resistive material layer. 
[0051 ] To minimize processing steps, the photoresists 
used can themselves be embeddable in materials, such 
as a pemianent etch resist such as that available from 



Shipley Company, Mariborough, Massachusetts. Then 
both sides can be processed simultaneously if the etch- 
ant does not or only partially etches the conductor In 
particular, only the resistor material side photoresist 

5 needs to be embeddable and the conductor side can be 
removed as a final processing step. Alternatively, the 
photoresists used on the conductor material side can be 
selected such that it is not removed with a specific strip- 
per used to remove the resistor material side photore- 

10 sist. Embedable photoresist may decrease tolerance 
losses due to particular undercutting of resistor material 
which undercut material will ablate once the photoresist 
Is removed. 

[0052] To be practically removable by an ablative 

IS technique, the resistive material layer must generally be 
sufficiently porous to an etchant which does not dissolve 
the electrrcally resistive material but sufficiently attacks 
the surface of the underiying material such as to result 
in loss of interiacial adhesion and ablation of the elec- 

20 tricaliy conductive material within about 2 to 5 minutes. 
At the same time, such etchant must not substantially 
attack the underiying material, e.g., copper foil, during 
the etching period as such would cause excessive un- 
dercutting or loss of mechanical strength (i.e., reduce 

25 handleablllty). 

[0053] In another embodiment, the present invention 
provides a multi-layer structure which comprises an in- 
sulating substrate, a resistive material patch having two 
or more layers of different resistive material, e.g., platl- 

30 num/silica formed by CCVD and a nickel-phosphorus 
layer and a conductive patch (or electrodes), e.g., cop- 
per. Preferably, both the resistive material patches and 
the electrical connection conductive patches arefomried 
by photoimaging techniques. In such structure, the first 

3s and second resistive material layers may be coexten- 
sive or, alternatively, the first resistive material layer may 
be coextensive with the conductive patches, i.e. elec- 
trode pair. 

[0054] The multl-layer structure could be patterned 

^ using photoimaging technology. In one procedure, the 
conductive material layer would be covered with a resist, 
the resist patterned by photoimaging techniques, and, 
in the exposed areas of the resist, both the conductive 
material layer and the underlying resistive material layer 

45 be etched away, e.g. , with aqua regia to give a structure 
of having a patterned stmctured resistive material patch 
(and a patterned conductive material patch or elec- 
trode). Next, a second photoresist would be applied, 
photoimaged, and developed. This time, only the ex- 

so posed portions of the conductive material patch would 
be etched away by etchant which would selectively etch 
the conductive layer, but not the resistive material patch , 
i.e., FeCl3 or CuClg in the case of copper as the conduc- 
tive material layer and platinum/silica as the electrically 

55 resistive material. In an alternate procedure, a patterned 
resist layer would be formed, exposed portions of the 
conductive material layer etched away, e.g., with feCl^, 
a further patterned resist layer formed, and then the ex- 
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posed areas of the resistive material layer etched away 
with aqua regia so as to form the electrical contacts. By 
either procedure, discrete thin layer resistors are formed 
by conventional photoimaging techniques common to 
printed circuitry formation. 

[0055] While the present resistors could be at the sur- 
face of a printed circuit board device, the resistors will, 
in most cases, be embedded within a multi-layer printed 
circuit board, for example where the resistor, which was 
fonned on an organic dielectric substrate, such as poly- 
imide or epoxy, Is embedded within additional embed- 
ding Insulating material layers, such as epoxy/fiberglass 
prepreg material. 

[0056] Structures containing the present two or more 
layers of resistive materials may be used in the manu- 
facture of electronic devrces, and particularly as resis- 
tors embedded In a dielectric material. Thus, the present 
invention provides an electronic device including a re- 
sistor having two or more layers of resistive material, 
wherein each layer of resistive material is different from 
the other layers of resistive material. Suitable electronic 
devices Include, but are not limited to printed wiring 
boards, computers, microprocessors, telecommunica- 
tions equipment such as mobile or cellular telephones, 
and the like. 

[0057] In particular, the present structures are suita- 
ble for embedding In a dielectric material In the manu- 
facture of printed wiring boards. Therefore, the present 
invention also provides an electronic device including a 
printed wiring board Including a resistor having a resis- 
tive material portion having two or more layers of resis- 
tive material, wherein each layer of resistive material Is 
different from the other layers of resistive material. Also 
provided by the present invention is an electronic device 
Including a resistor, the resistor including a pair of elec- 
trodes and a resistive material portion, the resistive ma- 
terial portion Including two or more layers of resistive 
material, wherein each layer of resistive material is dif- 
ferent from the other layers of resistive material. 
[0058] When the resistive material portion of any of 
the above described resistors includes two layers of re- 
sistive material, such layers may be coextensive or the 
first resistive material layer may be coextensive with the 
pair of electrodes. When three layers of resistive mate- 
rial are used, all three layers may be coextensive, the 
first resistive material layer may be coextensive with the 
pair of electrodes while the second and third resistive 
material layers are coextensive, or, alternatively, the first 
and second resistive material layers may be coexten- 
sive with the pair of electrodes. 
[0059] In general, a sheet of the present resistive ma- 
terial structure is laminated to a sheet of organic dielec- 
tric material. The resistive material structure is then 
etched (such as following photolithography) as de- 
scribed above to fomi any number of individual resistors 
within the same plane. It will be appreciated by those 
skilled in the art that a number of such planes of resistors 
may be present within a muttiplayerprinted wiring board. 



Claims 

1. A resistor comprising a resistive material portion 
comprising a first resistive material and a second 

5 resistive material, and a pair of electrodes, each 
electrode being disposed at opposite ends of the 
resistive material portion. 

2. The resistor of claim 1 wherein the first resistive ma- 
10 terial and second resistive material have a differ- 
ence in sheet resistivities of 1 0 OO or greater. 

3. The resistor of any one of claims 1 to 2 wherein at 
least one of the first and second resistive materials 

IS is platinum-based or nickel-based. 

4. The resistor any one of claims 1 to 3 wherein the 
electrodes comprise copper, gold, silver, nickel, tin, 
platinum, lead, aluminum, or mixtures or alloys 

20 thereof. 

5. A printed wiring board comprising a resistor of any 
one of clainns 1 to 4 embedded within an organic 
dielectric material. 

25 

6. A method of manufacturing a printed wiring board 
comprising the step of embedding a resistor any 
one of claims 1 to 4 within an organic dielectric ma- 
terial. 

30 

7. A structure suitable for forming a resistor compris- 
ing a conductive substrate, a first resistive material 
layer disposed on the conductive substrate, and a 
second resistive material layer disposed on the first 

35 resistive material layer. 

8. The structure of claim 9 wherein the first resistive 
material layer and second resistive material layer 
have a difference in sheet resistivities of 10 £20 or 

40 greater. 

9. A method of manufacturing a printed wiring board 
comprising the step of embedding a structure of any 
one of claims 7 to 8 within an organic dielectric ma- 

45 terial. 
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